Neutron time-of-flight powder-diffraction spectra have been obtained in potassium cyanide (KCN) at temperatures between 25 and 200 K and at pressures between 35 and 366 MPa. These data sample Ave difFerent phases of KCN. In phase C, which exists at 366 MPa and below 170 K, the structure is determined to be paraelectric with the monoclinic space-group symmetry C2/c. This is in disagreement with a previous study which determined the structure to be ferroelectric with space-group symmetry Cc. In phase D, which exists at 366 MPa and below 120 K, the structure is determined to be paraelectric with the monoclinic space-group symmetry C2/m. The cyanide ions lie in mirror planes. In both phases C and D, the cyanide ions are ordered with respect to the direction of their bonds but disordered with respect to interchange of C and N. Also in these phases, line broadening due to an inhomogeneous shear strain was observed. A mathematical treatment of this phenomenon is given.
INTRODUCTION 400
Potassium cyanide (KCN) has been the subject of numerous structural studies. In Fig. 1 is shown the currently known phase diagram of KCN. Phase I has the cubic NaC1 structure (space group Fm3m). The structure of phase A was established by Bijvoet and Lelyt o be orthorhombic (space group Imrnm). The structures of phases III and IV were determined by Decker et aL2 to be cubic (CsC1 structure, space group Pm3m) and monoclinic (space group Cm), respectively. Phase B was determined by Rowe, Rush, and Prince to have an antiferroelectric structure (space group Pmmn). Dultz et at. studied phases C and D by neutron diffraction. They found both phases to be monoclinic. They fit their data in phase C to space group Cc, but they were unable to determine the structure of phase D.
The phases in KCN differ from each other not only in positions of atoms, but also in the dynamic disorder of the CN ions. In phases I and III, the CN ions are reorienting with almost spherical symmetry.
In phase A, the CN ions are partially ordered: the CN bonds line up along a common direction but the CN ions still reorient randomly head to tail. In phases B and IV, the CN ions are ordered with respect to C and N: these phases are antiferroelectric and ferroelectric, respectively. Dultz et aL4 reported that in phase C the CN ions are ordered in a ferroelectric structure. The ordering of the CN ions in phase D has not been previously determined.
We obtained neutron-diffraction spectra from powdered samples of KCN under high pressure at low temperatures. We obtained spectra in phases I, A, B, C, and D. In this paper we report the analysis of these spectra. We have determined the structure of phases C and D.
Our result for phase C disagrees with that of Dultz et al. 4 EXPERIMENTAL METHODS Neutron-powder-diffraction data were taken using the Special Environment Powder Diffractometer (SEPD) (0, 0, 0) , and the CN ions are centered at the Wyckoff 2b position (0, 2, 2). The C-N bonds point in the direction of the orthorhombic c axis.
In Fig. 4(a) we show the structure of phase I. The small out the background from each data set the best it could, we then subtracted the small amount of remaining background "by hand. " After this point, we did not allow the program to further adjust the background parameters. Figure 3 shows the spectra after the background had been subtracted out. We note that the diffuse scattering contribution to the background was In Fig. 4(b International Tables  for Crystallography, where the point of inversion is at the origin. The structure of phase B is shown in Fig. 
4(c).
As can be seen in Fig. 3 , the diifraction spectra ob- The lattice parameters resulting from our fits to the neutron-diffraction spectra in phase B are given in Table   I . The atomic position parameters z for the K,C,N atoms are 0.732(2), 0.141(1), and 0.360(l), respectively (nearly the same for every data set). Data sets 1 -4 were taken at the same temperature (45 K) but at difFerent pressures. From these four data sets we calculate the strain along each of the three axes. The result is shown in Fig. 6 Fig. 7 . The C-N bonds point out of the plane of the figure, the angle between the C-N bonds and the plane of the figure being approximately 45'.
Some of the diffraction peaks in the data for phase C are very broad. This is probably due to inhomogeneous strains in the sample. Similar broadening was observed in RbCN. The broadening was much greater in sample 1 than in sample 2. In Fig. 3 is shown the spectrum for phase C obtained from sample 2 (data set 15). In Fig. 8 we show a spectrum for phase C from sample 1 (data set 8 Fig. 4 for the cubic and orthorhomic phases. The plane of this figure is parallel to the monoclinic (010) plane, and the monoclinic c axis points vertically upward on the page. The symbols in the 6gure have the same meaning as ln Fig. 4 .
where P, is the angle between n, and the direction normal to the (hkt) plane. To fit our data, we modified TQFLs to use this expression as a contribution to the total width of each line. In data set 15, for example, this resulted in an improvement in the value of R~~/R, "~f rom 2.069 to 1.384. In Fig. 3 , we plot the difference between the data and the spectrum calculated from our best fit.
Dultz et al. determined phase C to be ferroelectric, space group No. 9 Cc (C4), in disagreement with our result. In their structure, the CN ions are completely ordered with respect to C and N. We give in Table III the atomic positions they obtained for their structure. We see that except for the ordering of the CN ions, FIG. 8. The neutron-diffraction spectrum for phase C in sample 1 (data set 8). Some of the lines are broader than in sample 2 (see Fig. 3 We tried fitting data set 16 to Cc and failed to obtain a satisfactory R value. Phase D is not just an ordered version of phase C. This is evident in the neutron-diffraction spectra shown in Fig. 3 (5) Fig. 3 , we plot the difference between the data and the spectrum calculated from our best fit.
As in phase C, we found that in phase D the broadening of difFraction peaks by inhomogeneous shear strains is very severe. We obtained the best fit to our data when the vectors ni and n2, which describe the shear strain, are pointing in the directions b and a+ 0.17c, respectively. This is slightly different from the directions in phase C.
The structure of phase D is shown in Fig. 9 . All of the CN ions lie flat in mirror planes parallel to the plane of the figure. In the C2/c structure of phase C there are no mirror planes, only glide planes. We can see now why we had such difIiculty in fitting our data in phase D to Cc. Fig. 9 ). This causes a much greater splitting of the CN stretching frequency, resulting in two resolved Raman lines.
We considered the possibility that the CN ions are ordered in phase D. The space-group symmetry of an ordered phase would be a subgroup of C2/m. We restricted our consideration to subgroups where the primitive unit cell is no more than double in size. From a table of isotropy subgroups, 2z we find only three such subgroups which allow ordering of the CN ions at both the WyckofF 2a and 2c positions (see Table V ). Since CN(1) at 2a and CN(2) at 2c are not related by symmetry, the ordering of the two different sets of CN ions in the subgroups are independent of each other. We thus obtain for each subgroup two distinct ordered structures which differ by reversing the direction of CN(2). As can be seen in Table V , the disordered C2/m structure is favored over Cm and P2q/m. However, C2/m does not appear to be favored over Pl. We therefore examine the case of the P1 structure a little more closely.
First, we note that in the ordered structures in Table  V , we assumed complete ordering of the CN ions, i.e. , C sites are occupied 100% of the time by C atoms, and N sites are occupied 100% of the time by N atoms. We were able to improve the fit to Pl even further if we allowed partial ordering of the CN ions. We obtained a best 
